Potential health implications of deficient sanitation infrastructure and reduced surface water flows due to climate change are examined in the case study of the Republic of Macedonia. Changes in surface water flows and wastewater discharges over the period 1955-2013 were analyzed to assess potential future surface water contamination trends. Simple model predictions indicated a decline in surface water hydrology over the last half century, which caused the surface waters in Macedonia to be frequently dominated by >50% of untreated sewage discharges. The surface water quality deterioration is further supported by an increasing trend in modeled biochemical oxygen demand trends, which correspond well with the scarce and intermittent water quality data that are available.
INTRODUCTION
Many developing countries, including those in transition from centralized to free market economies, have similar sanitation infrastructure issues, which are generally characterized by incomplete or undeveloped sewage collection and treatment systems and direct discharges of raw sewage into surface waters (Stockholm International Water Institute ; UN Water ). The sewage may enter the environment through a set of smaller decentralized sewage collection systems, a combined storm-water/sewage system, or a more sophisticated municipal sewage collection system that is not connected to an adequate wastewater treatment plant (Corcoran et al. ; ISET & Pacific Institute ). Although public health and environmental professionals in these countries are aware of the contamination threat that these sources represent, many governments have not yet been able to provide the necessary infrastructure to protect public health.
In some countries, the total volume of raw sewage discharges represents a significant fraction of the total surface water flow (UN Water ; Rice et al. , Rice & Westerhoff ) . A somewhat overlooked effect of climate change is that reduced precipitation rates and consequent runoff could reduce the dilution of untreated raw sewage and expose populations using these sources for drinking water to even higher levels of contamination. Conversely, the effects of climate change also include more intense storms that can trigger rivers overflowing their banks, and massive flooding events that can overwhelm existing water treatment plants and expose even more people to pathogens and contaminants (Prüss et Veronesi et al. ). Thus, the issue of sanitation infrastructure becomes an even higher priority as the effects of climate change become more apparent.
The Republic of Macedonia is an example of a post-communist country that is transitioning to a free market oriented democracy (Hristovski et al. ) . Like many other such countries, much of the sanitation infrastructure in the Republic of Macedonia is incomplete (Hristovski et al. ) . Almost all urbanized communities have access to potable water treatment and distribution systems on a municipal level, but the majority of the population in both urbanized and non-urbanized communities in Macedonia is typically not served by centralized sewage collection and treatment systems (Novak et al. ) . Although the Environmental Performance Index from Yale indicates that 91.82% of Macedonians have access to safe drinking water and 49.19% have access to improved sanitation, only 3.74% of wastewater is treated (Yale University ).
The direct discharge of raw sewage from urban point sources into Macedonian surface waters has the potential to significantly impair the existing river ecosystems and cause long-term public health problems by creating extensive septic zones and contaminating the existing potable water sources. Flooding from overflow of surface waters can contaminate homes, schools, and streets with fecal matter and spread infectious diseases, requiring significant public health measures to be implemented (Reuters ; Radio Televizija Srbije ; Fox ).
In this paper, the authors have examined available evidence that documents changes in precipitation and surface water flows in Macedonia over the last 55þ years to elucidate what climate change predictions for the area might mean for the next 50 years. As little information based on actual measurements is available, estimates about direct sewage discharges or the extent of surface water contamination were conducted using reported data for daily water usage and a simple steady state mass balance model with first-order decay reaction rate. The estimated average biochemical oxygen demand (BOD) levels in rivers were compared with reported data originating from occasionally conducted water quality measurements. Regression analysis was performed to identify any temporal correlations and statistically significant trends. The potential impacts of these trends on surface water quality were assessed and the implications for public health are discussed. actual measurements in time and place. Therefore, a very simple steady state mass-balance model with first-order decay reaction rate was used to estimate the average BOD 5 levels in the rivers (Equation (1) that is a part of an active water management strategy. However, masked problems like these have a tendency to rapidly manifest themselves following extreme weather events such as prolonged droughts or floods. The consequences of these manifestations could be expensive, and may exceed the costs of preventative measures such as integrated wastewater collection and treatment systems.
METHODOLOGY
) (Novotny ): V dC BOD dt ¼ _ m IN À QC BOD À VkC BOD ¼ 0 (1) where Q is
RESULTS AND DISCUSSION
The seriousness of the problem might be best illustrated by an example of a major rainfall and flooding event in the period of January-March 2015 that had serious public health implications (Glas na Amerika ; Vecer ). This trend predicts that the average national temperature could reach 12 W C by 2060, which is an increase of about 1 W C over a 50-year period and is consistent with the predictions of many climate change models that forecast the same scenarios (European Comission Directorate General for Regional Policy ; Zoï Environment Network ).
The higher temperatures will further tax the declining water resources in Macedonia and increase the public health risks associated with polluted water sources unless mitigative measures, which include improvement of the existing sanitary infrastructure, are implemented. 
CONCLUSIONS

